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ABSTRACT: In the present study, the author attempted 1) to change the virulence of RH 
strain of Toxoplasma gondii to that of Beverley type by the treatment of antitoxoplasma drugs 
and 2) to change the virulence of Beverley strain of T. gondii to that of RH type by the 
treatment of cortison or Kenacort (triamcinolone). The following results were obtained. 

1) Mice inoculated RH strain died within 4~5 days in control without treatment, and mice 
treated with spiramycin or sulfathiazole-N* died of an acute infection, but survival periods 
were slightly longer than those of non-treated control mice. Mice treated orally with 
sulfadiazine or Policydal (sulfamethopyrazine) for 10~20 days survived for a long period, and 
from few of the mice, cysts were found in their brains. Proliferative forms were also found 
in several organs of the survival mice including brain. As a result, in the RH strain modi- 
fication of the virulence by drugs did not succeed. 2) To enhance the virulence of 
Beverley strain, mice were treated with cortison or Kenacort just before the inoculation of 
parasite. Five days later a fluid which was taken by washing with a physiological saline of 
the peritoneal cavity of each mouse was inoculated to each fresh mouse which was treated 
with cortison or Kenacort. After the same treatment and inoculation were repeated up to 
five passages of mice, the washing fluid of last passage mouse of each series was inoculated 
to fresh mouse without the treatment. After stop of the treatment, some mice died of an 
acute infection, within 4~5 days and even in the non-treated control series, one case became 
a virulent type for several passages. But, if once the virulence of Beverley strain enhanced 
like RH type, often the parasites of “virulent” Beverley type turn again to avirulent Beverley 


type (cyst-cyst type) after serial passages. 


There are well known laboratory strains of Toxoplasma gondii of which virulence is 
considerably different from each other, RH and Beverley strains. RH strain is highly 
virulent. Intraperitoneal inoculation of the strain results in death of the mice within 5~8 days 
in accordance with the number of parasites inoculated, and the infected mice develop 1~2 
ml of serous ascites in which about 10¢~105 banana-shaped parasites per mm? are counted 
microscopically. While the case of an avirulent Beverley strain, inoculated mice can survive 


for a month or more, but in their brains, spherical cysts surrounded by the definite walls 


Contribution No. 767 from the Institute for Tropical Medicine, Nagasaki University 
Received for publication, July 31, 1976 


114 


are observed showing characteristic of chronic infection. The parasite-stages in those infections 
in mice are called as “extra-intestinal stages” , and in all host animals except Felidae, only 
such stages are reported. In the experimental infections of mice, the virulence of each 
strain, RH or Beverley, becomes stable respectively and their virulences do not change 
without the intervention of experimental procedures. 

The treatments of RH infected mice or other animals with several anti-toxoplasma drugs 
have been reported by many workers, for example, spiramycin or acetyl-spiramycin by 
Nakayama and Matsubayashi (1963) and Aoki (1969), sulfa-drugs by Frenkel (1953), 
Eyles and Coleman (1953) and Nakayama and Matsubayashi (1961), SDDS by Oshima et 
al. (1967) and Oshima and Kumata (1974), and pyrimethamine by Summers (1953). 
Jacob (1973) also has reviewed recent works on treatments. After such treatments, 
sometimes mice, which survived for a long period, still had toxoplasmas in their tissues 
especially in their brains as reported by Frenkel (1953), and Nakayama and Matsubayashi 
(1961 and 1963). According to Nakayama (1964), mice which were previously infected 
with a non-virulent strain were challenged with the virulent RH strain 6 weeks later, and 
their brains proved positive of the RH for up to 7 weeks after the challenge. Those parasites 
were usually within cysts, but in some cases the parasites might be present in tissues or cells 
of mice without the cyst as pointed by Frenkel (1953). 

In the present study, the author intended to change the virulence of each strain by 
treatment with several chemicals. Although the virulence of RH or Beverley strain could not 


be changed permanently, some interesting informations obtained have been discussed. 


MATERIALS AND METHODS 


1. The following strains of toxoplasma were used: Beverley, RH, N-130, and N-108. 
The last two strains were isolated from pigs in Nagasaki by Nakabayashi et al. (1969). 
Mice (DDK) weighing approximately 20~25 g were used for inoculation. 

2. To obtain chronic infection, the mice inoculated with the RH strain were treated with 
orally or intraperitoneally with the following anti-toxoplasma drugs: Spiramycin—-Kyowa, 
Theradiazine (sulfadiazine ; 2 , (p-aminobenzon-sulfonamido)-—pyrimidine), Sulzol S (sulfathi- 
azole-N*; sodium dextrosesulfonate), SDDS (2-sulfamoyl-4, 4’-diaminodiphenylsulfone), and 
Policydal (sulfamethopyrazine). The first time treatment was done at same time of the 
inoculation and the treatments were repeated daily or every the other day as shown in Table 1. 
The extension of survival period (days) of the treated mice, and the detection of cysts in 
their brains were recorded. The inoculation of the emulsion of the brains was further 
attempted to fresh mice to examine whether the chronic infection of mice can be continued 
again in the second passage or turn to acute infection. . 

3. To reduce resistant ability of inoculated mice against the infection with Beverley strain, 
the following substances were given intramusclarly to the mice just before the inoculation: 
Cortison (cortison acetate), and Kenacort-A (Squibb triamcinolone acetonide aqueous 


suspension, 9a-fluoro—16a—hydroxyprednisolone acetonide). 
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Terminology of each stages: Before going to report results, the author must describe his 
opinion on terminology for extra-intestinal stages. The life cycle of Toxoplasma gondii 
(Nicolle and Manceaux, 1908), had been known almost completely in the enteroepithelial cells 
of cats (Hutchinson et al., 1968, 1970, and 1971). The enteroepithelial stages such as schi- 
zogony, gametogony, and oocyst formation are observed only in animals belonged to Felidae, 
from which the following species were reported as true host, Felis felis, F. yagouarounde, 
F. pardalis, F. bengalensis, F. concolor, and Lynx rufus (see Jacob, 1973, and Frenkel, 
1974). While both extraintestinal and enteroepithelial stages were reported in Felidae, only 
extra-intestinal stages were known in other animals. Hoare (1972) has suggested to use 
the following terms for the extra-intestinal stages of toxoplasma: endozoite for the rapidly 
multiplying forms within pseudocysts, and cystozoite for those which develop within cysts, 
because of existence of morphological differences between endozoites and cystozoites. They are 
“distingushable by the position of the nucleus, which is typically central in the endozoites 
but terminal in the cystozoites” (Zypen and Piekarski, 1967a and b). Frenkel (1973) has 
also proposed the two terms as follows: tachyzoite for the rapidly multiplying extra-intestinal 
forms of the acute infection, which reproduces by endodyogeny and eventually destroy their 
host cells; and bradyzoite for the more slowly multiplying (by endodyogeny) encysted forms, 
characteristic of the chronic infection. Both of the authors used the term “cyst” in the 
same meaning as commonly used. According to Jacob (1973), pseudocyst (“group” in the 
term by Frenkel) means the aggregation of rapidly dividing tissue forms (tachyzoites or 
endozoites) within a host cell. The terminology may not be conclusive up to now, and the 
present author can not identify whether each banana shaped parasite found from tissues or 
ascite is tachyzoite (endozoite) or excysted bradyzoite (cystozoite) if Jare are freed 
cyst. Then, in the present paper, he used proliferative form for banana shaped parasites 


which were found outside of cyst, and cyst in the same sense of Hoare and Frenkel. 


RESULTS 


1. Attempt to change the virulence of RH strain to Beverley type by the treatment of anti- 
toxoplasma drugs 

Approximately 5 x 10* parasites which were obtained from ascites of RH inoculated mice 
were injected to each mouse intraperitoneally. Before the inoculation, each mouse was pre- 
treated with one of anti-toxoplasma drugs, then, the treatment was repeated every day or 
every other day after inoculation of RH strain. The drugs, its dosage per day, the 
method of treatment, and the daily observation of the mice were summarized in Table 1. 
The mice treated with the daily dosage of 5 mg or 10 mg of spiramycin died of an acute 
infection, and the survival periods of the mice were slightly longer than those of non-treated 
control mice. In the case of sulfathiazole-N*, the result obtained was similar to those of 
spiramycin, and the survival periods were also slightly longer, but all mice died of the 
acute infection within 10 days. With the oral treatments of 4 mg SDDS per day for 7 days, 


mice died of the acute infection; with intraperitoneal treatment, however, mice survived for 
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up to 30 days in chronic infection. 

In mice treated orally with 2.5 mg sulfadiazine per day for 10 days, the survival days 
were markedly prolonged, however, the mice died of a sub-acute infection. Then, in the 
next attempt, mice were treated orally with 2 mg sulfadiazine per day for 20 days, and 
almost all the mice survived for up to at least 30 days in the chronic infection as shown in 
Table 2. Twenty mice, except one which died of an accidental injury to its stomach with 
syringe, survived for a long period, and cysts were not found in 17 mice, but the emulsion 
of the brains infected to fresh mice as shown in Table 2. Each emulsion of the brains 
obtained from mouse No. 6, 10, 18 and 19 in Table 2 was inoculated to fresh mice 
intraperitoneally. About 10 days later, the mice died of the acute infection. Mouse inoculated 
with the emulsion of brain taken from mouse No. 20 survived for a long period without any 
sign of infection. The brain of mouse No. 11 from which cysts (Fig. 1) were detected 
microscopically was inoculated to fresh mice orally or intraperitoneally. All the mice inoculated 
intraperitoneally died, but in the mice given orally, only two of them died of the acute 
infection, and the other 8 mice survived for a long period. About one month later, from 
one of the survival mice, cysts were found in the brain. Again the brain emulsion was 
inoculated to a mouse, but the mouse did not infect. All mice, which were inoculated 
intraperitoneally with the brain emulsion of mouse No. 17, died of the acute infection, but 


in the mice, which were given the emulsion orally, survived without any sign of the infection 


Table 1. Experimental treatment of RH inoculated mice with several anti-toxoplasma drugs 


Duss Daily Dosage (mg) and Days | Survival Days Type of Infection and Other 
8 and Method of Treatment ' of Mice Observations 
| | i 
; i . 10 mg, 10 days, orally*** 5 )* 9.4 Acute infection 
Spiramycin | 5 mg, 10 days, orally*** (7) 7.6 Acute infection 
E 2.5 mg, 10 days, orally (7) 24.1 Sub-acute infection, no cyst 
Sulfadiazine Hse odas weal (20) 30< Chronic infection, 
8» oe YS, y cysts (2/20), see Table 2 
Sulfathiazole- N 4 4 mg, 7 days, orally (8) 8.3 Acute infection 
SDDS 4 mg, 7 days, orally l (5) 11.4 Acute infection 
4 mg, 7 days, intraperitoneally (5) 30< | Cure or chronic infection 
2 mg, 14 days, intraperitoneally | (10) 30<. Cure or chronic infection 
4 mg, 7 days, intraperitoneally (10) 22.7 | Sub-acute infection, no cyst 
: ~ 4 mg, every the other day for (10) 30< Cure or chronic infection 
Policydal ` 14 days, intraperitoneally | 
| 6 mg, 7 days, intraperitoneally Cry OF re infection } see 
Chronic infection 
OR , 
Control no treatment (5) 6.0 | Acute infection 
i (5) 9.4 means average 9.4 survival days in 5 inoculated mice. 


** 7 out of 9 mice died within 30 days after inoculation and rest 2 mice survived for longer 
than 30 days. | 

*** Some of mice died before finish of the 10 days treatment. 

Each mouse used in this experiment was inoculated intraperitoneally with 5x10‘ proliferative 

forms of RH strain. 


Table 2. Experimental treatment of RH inoculated mice with sulfadiazine (2.5 mg/day for 
20 days, orally) 


Mouse No. Survival Days | Cyst Detection Result of Sub-inoculation with Brain 
No. 1 1.5 died | | 
2 22.5 2 | No | 
3 oes eee No | 
4 34.5 killed No | 
5 34.5 2 No 
6 | 36.5 z No | Brain*->ip. 2 mice (P+, 9D) 
7 | 39.5 4 | No : 
8 | 39.5 4 | No 
9 | 41.5 a | No ; 
10 42.5 2 No _ Brain>ip. 2 mice (P+, 6D & 8D) _ 
11 | 53,5 SF | Yes ` Brain-ip. 10 mice (P+, Ave.** 8.8D) 
12 53.5 4 | No orally, 2/10 mice (P+, 10D) 
13 f 053.5 2. | No | 
14 | ba 7 | No t See Note 
15 | Dona. e | No 
16 53.5- 7 No /ip. 5 mice (P+, Ave. 9D) 
17 57.5 #2 | Yes _ Brain-orally, 1/5 mice (P+, 9D), 4/5 Neg 
18 57.5 4 | No _ Brain-ip. Mice (P+, D)*** 
19 57:5 2 No _ Brain>ip. Mice (P+, D) 
20 57.5 2 | No | Brain->ip. Mice (P Neg)**** 
| 
Note 


5 brains from Mouse No. 12 to No. 16 were pooled and emulsified, then inoculated to fresh 
mice. 
/ ip. 9/10 mice (P+, 11D) & 1/10 mouse (P Neg) 
Brains ~\ orally, 9/10 mice (P & cyst Neg) & 1/10 mouse (cyst + in brain) 
No. 129-16 Retreatment with sulfadiazine 


Z ip. 2/10 mice (cyst+in brain)—Brain->ip. 1 mouse (P+, D) & orally, 1 mouse (Neg) 
< \Brain- orally, 1 mouse (Neg) 
à orally, 10/10 mice (Neg) 


F Brain of No. 6 was inoculated intraperitoneally to 2 fresh mice, and the mice died after 
9 days and proliferative forms (P) were detected mainly from peritoneal cavity of the mice. 
** Ave. means average survival days of 5 inoculated mice. 
*x**x D) means death of inoculated mice within 10 days. 
*eeE Neg means negative of cyst and proliferative form. 


Fig. 1 Cyst of RH strain obtained by treatment with sulfadiazine (No. 11 
in Table 2) (diameter about 30⁄4). 
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except one mouse which died of the acute infection. The pooled emulsion of the brains taken 
from 5 mice (mouse No. 12~16) was given intraperitoneally or orally to each 10 mice 
respectively. All the mice inoculated intraperitonealy died of the acute infection except one 
which survived for a long period, and the mice given orally survived without the infection 
except one from which cysts were detected in the brain. The same emulsion was given orally 
or intraperitoneally to another fresh mice, and the mice were treated with sulfadiazine just 
same as the initial treatment. The mice, which were given the emulsion orally, survived for 
a long period, and from 2 of 10 mice which inoculated intraperitoneally, cysts were observed 
in their brains. The brain emulsions from these 2 mice were inoculated intraperitoneally to 
fresh mice, which died of the acute infection, but the mice to which the emulsion was orally 
survived. As a result, even if mice survived with a chronic infection of RH strain after the 
treatment of sulfadiazine, the virulence character of RH strain did not change to Beverley 
type (cyst-cyst type) consistently, namely, after 1~2 passages of the cyst-type RH strain, 
the strain enhanced to highly virulent nature. 

In Policydal, except a group of mice which died of sub-acute infection after the 
intraperitoneal treatment with 4 mg per day for 7 days, the other groups of mice survived 
with the chronic infection or without any sign of the infection. The results of a group which 
was treated intraperitoneally with 6 mg per day for 7 days, were shown in Table 3. Seven 
out of 9 inoculated mice died, in which the proliferative forms were detected within 20 days 
in ascites of the mice. From the brains of 3 mice out of 7, the proliferative forms were 
also observed with the examination of a fluorescent microscope after acridin orange staining 
(modified from Sakamoto, 1966). Two mice survived for longer than a month, but finally 
one of them died 43 days after the inoculation, and in its ascites, some proliferative forms 
were observed. The last mouse was killed to be examined 48 days after the inoculation. 
Some proliferative forms were still found in ascite of the mouse. From its brain, too many 


cysts and few proliferative forms were detected. In the case of Policydal, the treatment 


Table 3. Experimental treatment of RH inoculated mice with Policydal (6 mg/day for 7 
days, intraperitoneally) 


T 


Mouse No. | Survival Days pae Homme Ss 
No. 101 | 19 died Yes* No* 
102 19 +4 Yes* No* 
103 | 20 4 | Yes* No* 
104 22 +4 | Yes* P: Yes** 
105 2 2 Yes* No* 
106 22 4 | Yes* P: Yes** 
107 23 4 : No* P: Yes** 
108 | 43 2 | Yes (few)** P: Yes**, C: Yes** 
109 48 killed | Yes (few)** P: 


| Yes**, C: Yes** 


* Fresh preparation was examined without staining. 
** Acridin orange staining perparation was examined by fluorescent microscope. 
P : Proliferative form C : Cyst 
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with 4 mg or 6 mg per day for 7 days did not give rise to better curative effect than with 2 
mg per day for 14 days, and in the latter treatment inoculated mice survived for a long 
period. 

From the present experiments with RH strain, even if the inoculated mice survived 
with the chronic infection, it was rather difficult to find out cyst in the brain, while the 
brain emulsions were able to infect fresh mice. Then it seems likely that proliferative from 
can be present within some tissues or cells of the mice without cyst. Then in the next 
experiment, such the possibility was examined. Table 4 shows results of examination of the 
suspect tissues in which the proliferative forms or the cysts might be hiden in the mice of 
chronic infection. In this experiment, the mice No. 17 and No. 19 in Table 2, and the 
mice inoculated with N-130 and N-108 strain respectively, were used, and their tissues 
were emulsified separately in physiological saline and inoculated intraperitoneally with antibiotics 
to fresh mice. The parasites still existed even in the heart blood of mouse No. 19 which 
survived for 57 days in a chronic infection. From brains, livers, and spleens of all four mice 
examined, the parasites were detected, but from hearts, the parasite was not found except 


one case which inoculated N-108 strain. Unfortunately, its heart blood was not examined. 


2. Attempt to change the virulence of Beverley strain to that of RH type by the treatment of 
cortison or Kenacort 

To enhance the virulence of Beverley strain, mice were injected with cortison (1.25 
mg or 2.5 mg/mouse) or Kenacort (2 mg or 4 mg/mouse) intramusclarly. Then, each 
mouse was inoculated intraperitoneally with 10~20 cysts. Five days later, a fluid which was 
taken by washing with a buffered saline solution of the peritoneal cavity of each mouse 
was inoculated intraperitoneally to each fresh mouse which was also treated with the same 
chemical used to the mouse of first passage. After the same treatment and inoculation were 
repeated up to five passages of mice, washing fluid of each mouse of the last passage was 


the inoculated to each fresh mouse without the treatment. In the case of Kenacort most of 


Table 4. Parasite detection from various organs of chronic infection mice with RH type by 
sub-inoculated method to fresh mice. 


ee AEA 


ce | RH(17), Cyst + | RH (19),** Cyst-, N-130, Cyst + | N-108, Cyst + 
| 57.5 killed* | 60 killed | 60 killed | 90 killed 
Heart blood | No Yes*** ~= — 
Heart No No No : Yes 
Lung No | Yes | Yes ! Yes 
Liver | Yes : Yes | Yes | Yes 
Spleen | Yes : Yes | Yes | Yes 
Kidney | No | Yes | No Yes 
Brain Yes | Yes | Yes | Yes 


i RH (17), Cyst+, 57.5 killed means Mouse No. 17 Gin Table 2) which was killed after 
57.5 days from inoculation and cysts were detected in brain. 
** RH (19) means Mouse No. 19 in Table 2. 


*** Yes means inoculated mouse died of acute infection. 
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Table 5. Enhancement of virulence in Beverley strain by using of cortison or Kenacort 
Drug & Mouse Passages in Treated Mouse Passages in Untreated Mouse 
Dosage No. 8 | 8 
| No. 201 | 
| a ? 6/7 1~3 passages, Bact. Cont. 
| oo 206 | 
| | 207 | 1/7 P 2.0~3.7, 5~6D | 
8D 7D .7D 8D .7D _| 6D _4~5D 
m 208 | 2.8 0.8 0.2 70.4 72.0 -D Spp > r passages 
© 
© 7D 9D 7D 9D _.8D 6D .5~7D 
z M TO til 702 Oe a a pE 
x | 6D 6D .7D .7D „Bact 
io) o! act. 
Eo O ATA a a on. 
S 8D 6D 7D 8D .8D 5D 
| 2m) | 5,270.3 70.3 70.1 70.6 | P+ 
| | 
| | 212 6D Bact. Cont. 
| | 213 | 7D Bact. Cont. 
| i 
| 10D_7D?_7D _C+_9D |» 
| 214 0.2 15 70.7 Ope 3/3 P+ & D> 2/2C + > C + 
C+ _.C+_.C+_.C+_.C? 
7 ala 1G 01 70.06 0.17 0.02 | 
z ) 
| 12D C+ Ot OE | 
a Bre) 002-"0.02 002 Pe 
a | | 13D C+ C+ C+C? 
e 217 | 9.0270.04 0.08 P7 
rae] 
= C+ .C+.C+.C+_ C+ 
9 218 | 0.03 0.027003 P= 
(æ 1) 
O 1 1) 2) 
i 219 ans DT RP Cyst-cyst type, P+ & D7 passages 
oo) 
O C+ C+ C+ _C+10D 
x 220 | 0.02” P0.04 0.12 Pe 
= | 
Me O a N 
221 = HO 0.02" 0.07 04a 
E KC AO Ce: Ce. | 
222 | 9.0170.29 70.01 70.01> | 
| 1) ) 
| 223 | NOD oe Da 2 passages P + & D — Cyst-cyst 
| | 7D .C+ C+ .C+ .C 
+ 
| He V0 "Od Bee Be ee 
| C+ 8D .C+_.C+ .CH+ 
= 225 |. P0.03 Pe P-P- 
te | 11D _ 7D .8D .18D_7D 
8 226 ILS 1.6 04" P= nr 4 passages P + & D 
227 PPD Bact. Cont. | 
228 | | 
cy | CH+3C+3C+5C4+5C4 | 
2 i 


7 : First passage mouse died of an acute infection after 8 days, and the volume of ascite 


was 2.8 ml. 
C+ : Cyst positive in the brain of survival mouse 
P+ & D : Proliferative form positive and death of an acute infection 


Bact. Cont. : Bacterial contamination 
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mice injected 4 mg died of bacterial contamination, but with 2 mg dose, the mice of two 
out of 6 cases died of the acute infection within 4~5 days even after stop of the treatment 
(Table 5). Even in the non-treated control series, one case became a virulent type for 
several passages as shown in Table 5. 

In the case of cortison, as shown in Table 5, any case did not change to the virulent 
type except one. 

The number of proliferative forms in ascite was counted, but usually even in the acute 
infection, the parasites were not so many as compared with the case of RH strain. Table 5 
summarizes the result of seven passages of each series after the stop of the treatment. Even 
if once the virulence of Beverley strain enhanced like RH type, often the parasites of virulent 


Beverley type turn again to avirulent Beverley type (cyst-cyst type) after serial passages. 


DISCUSSION 


In the present study, the author attempted to change the virulence of RH strain to a 
less virulent type (cyst-cyst type). However, as already mentioned above, the modification 
of virulence in the RH strain by drugs did not succeed. From this experiment, some 
interesting findings were obtained: in many cases of RH chronic infection, cysts were never 
detected in mouse brains, but the brain emulsions were infective to fresh mice after the 
intraperitoneal inoculation. By using a fluorescent microscope and acridin orange staining, 
banana-shaped parasites (proliferative forms in this paper) were detected in the brains and 
the peritoneal washing of the mice with RH chronic infection. In the case of brain of 
course it might be possible that the proliferative forms escaped from a destroyed cyst during 
a procedure for the staining. In the case of the peritoneal washing, however, the proliferative 
forms were found in certain free cells in the fluid. Furthermore the brain emulsion could 
easily infect fresh mice by intraperitoneal injection, but the same emulsion was rather difficult 
to infect fresh mice by oral treatment. This phenomenon also supports that the proliferative 
forms have been present in certain cells without the cyst wall which is protective against 
digestive fluid. According to Motomura (1967), when 1~5 cysts of Beverley strain were 
given to mice orally, about 70% of which became parasite positive, but in the case of oral 
inoculation with RH proliferative forms, at least 10° parasites were neccessary to infect mice. 
From one of the RH chronic infection mice, the parasites were found from heart blood in 
the present study. In the case of human chronic infection, the positive detections of 
toxoplasma from blood were rare as reported by Aoki (1973). To understand delayed 
parasitemia, there are two possible explanations as follows; 1) “flame-up” from raptured 
cysts and 2) the parasite, not cyst, survives in small number and multiples slewly. It might 
be possible that the proliferative forms could survive and multiple in certain cells for a long 
period during a chronic infection. 

An attempt to enhance the virulence in Beverley strain by the use of cortison acetate 
was reported by Simizu et al. (1967). Results obtained by the present author are also 


similar to those by the previous authors. Concerning to suppress the immune response of 
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infected mice, the workers of Keio University have written many papers, for example Stahl 
et al. (1966). From the present author’s results, it might be said that Beverley strain became 
to high virulence (RH-type) by using cortison or Kenacort for several passages, and infected 
mice died of acute infection within 6~8 days, but the virulence easily turn to the initial 
character of cyst~cyst type. 

According to the present results and previous experiences (Nakabayashi et al., 1969), 
the following four types of the toxoplasma infection in mice might be distinguished. 
Type 1. This includes so called RH-type (virulent type) and parasites give rise to acute or 
subacute fatal infections. The infected mice have some symptoms such as standing-hair, 
diarrhea, and producing peritoneal exudate of about 1~2ml in which a number of parasites 
are present, and finally the mice die within 5~18 days after the inoculation. In this type, 
the mice die before raising of the titer of HA or Dye test. In the author’s experience, the 
strains isolated from pigs were avirulent at first, but they gradually changed to virulent type 
during serial passages. The inoculated number of the parasites might also be important, and 
if a small number was inoculated to mice, some of the strains isolated from pigs produced a 
chronic infection. Even in Beverley strain, which were inoculated as cysts, sometimes mice 
died of acute or subacute infection. 

Type 2. This infection type includes Beverley type (cyst-cyst type), and parasites give rise 
to a chronic infection, and the infected mice survive for longer than one month, and from 
their brains many typical cysts are detected. In this type, proliferative forms are observed 
in peritoneal washing fluid during early stages of the infection, but the forms disappeared 
possibly after raising of immune reactions. By drug treatment, the author could produce this 
type of the infection in RH infected mice. 

Type 3. This is also chronic, but cyst is difficult to find out in infected mice. The 
proliferative forms might survive certain tissues or cells in small number and might be able to 
multiple slowly. The proliferative forms are easily detected in peritoneal washing fluid during 
early stages of the infection, but later the parasites disappear because of, possibly, raising of 
immune reaction. But by using of fluorescent microscope and acridin orange staining, even 
from mice which survived for longer than 40 days after the inoculation, the proliferative 
forms were detected in certain free cells of the peritoneal cavity and in the brains. 

Type 4. In this type, once mice infect with toxoplasma, but later the parasite disappeare 
completely without any drug treatment, and hence the brains or other organs do not infect 
fresh mice. According to the author’s experience, some mice inoculated with a pig 
material, in which many proliferative forms were found, showed an increase of HA titer, 
whereas the parasite could not be detected. 

Usually types 2 and 3 were recognized as a chronic infection, and in these infection 
type, it might be believed by many workers that cysts were produced in the brains or other 
tissues. The author’s opinion is, however, type 3 might be present because of above 


discussing results. In this type, only proliferative forms were detected. 


123 


ACKNOWLEDGEMENTS 


The author is deeply indebted to Dr. Toshio Nakabayashi, Professor, and Dr. Masuhisa 
Tsukamoto, Associate professor of the Department, for their kind advices and continuous 
encouragements and also Dr. Katsumi Tsuneda, Sasebo City, for the technical] assistance in 


the course of this study. 


REFERENCES 


1) Aoki, T. (1969) : Effect of acetyl-spiramycin on experimental acute toxoplasmosis in mice. Jap. 
J. Parasit., 18, 190-195. Gn Japanese with English summary) 

2) Aoki, T. (1973) : A case of isolation of Toxoplasma gondii from the peripheral blood of a woman 
infected chronically. Jap. J. Parasit., 22, 277-280. Gn Japanese with English summary) 

3) Eyles, D. E., & Coleman, N. (1953) : The relative activity of the common sulfonamides against 
experimental toxoplasmosis in the mouse. Am. J. Trop. Med. Hyg., 2, 54-63. 

4.) Frenkel, J. K. (1953) : Host, strain and treatment variation as factors in the pathogenesis of 
toxoplasmosis. Am. J. Trop. Med. Hyg., 2, 390-411. 

5) Frenkel, J. K. (1973) : Toxoplasmosis : parasite life cycle, pathology, and immunology. In : 
The coccidia. Eimeria, Isospora, Toxoplasma, and related genera. D. M. Hammond, P. L. Long, 
ed. University Park Press, Baltimore, U. S. A. 

6) Frenkel, J. K. (1974): Advances in the biology of Sporozoa. Z. Parasitenk., 45, 125-162. 

7) Hoare, C. A. (1972) : The developmental stages of Toxoplasma. J. Trop. Med. Hyg., 75, 56-58. 

8) Hutchinson, W. M., Dunachie, J. E., & Work, K. (1968) : The faecal transmission of Toxo- 
plasma gondii. Acta path. microbiol. scand., 74, 462-464. 

9) Hutchinson, W. M., Dunachie, J. F., Siim, J. C. & Work, K. (1970) : Coccidian-like nature 
of Toxoplasma gondii. Br. med. J., 1, 142-144. 

10) Hutchinson, W. M., Dunachie, J. F., Work, K. & Siim J. C. (1971) : The life cycle of the 
coccidian parasite, Toxoplasma gondii, in the domestic cat. Trans. R. Soc. Trop. Med. Hyg., 
65, 380-399. 

11) Jacob, L. (1973) : New knowledge of toxoplasma and toxoplasmosis. Advances in Parasitology, 
11, 631-669. 

12) Motomura, I. (1967) : Biological studies on Toxoplasma gondii. I. Examination on the resistance 
of Toxoplasma gondii to physico-chemical conditions. Trop. Med., 9, 201-225. Gn Japanese 
with English summary) 

13) Nakabayashi, T., Miyata, A., Motomura, I. & Noda, H. (1969) : Studies on the detection of 
Toxoplasma gondii with mouse inoculation method and fluorescent antibody technic in slaughtered 
pigs. Trop. Med., 11, 16-26. 

14) Nakayama, I. (1964) : Persistence of the virulent RH strain of Toxoplasma gondii in the brains 
of immune mice. Keio J. Med., 13, 7-12. 

15) Nakayama, I. & Matsubayashi, H. (1961) : Comparative studies on the growth of high and low 
virulent strains of Toxplasma gondii, with special reference to the production of cyst. Keio J. 
Med., 10, 43-57. 

16) Nakayama, I. & Matsubayashi, H. (1963) : Effects of spiramycin on experimental toxoplasmosis 
in mice. Keio J. Med., 12, 117-125. 


124 


17) Oshima, S. & Kumada, M. (1974) : Prevention of Toxoplasma oocyst excretion by cat with 
2-sulfamoyl-4, 4’~diaminodiphenylsulfone (SDDS). Jap. J. Parasit., 23, 20-24. 

18) Oshima, S., Tanaka, H. & Inami, Y. (1967) : The chemotherapeutic effect of 2-sulfamoyl-4, 
4’-diaminodiphenylsulfone (SDDS) on acute experimental toxoplasmosis in mice. Jap. J. Parasit., 
16, 331-338. 

19) Sakamoto, H. (1966) : Observation on the distribution and proliferation of Toxoplasma gondii in 
infected mice by fluoro-microscopy. J. Osaka City Medical Center, 15, 67-91. Gn Japanese with 
English summary) 

20) Shimizu, K., Kito, S. & Shirahata, T. (1967): Experiments on mouse passage of the cyst type 
strain of Toxoplasma gondii for enhancement of virulence. Jap. J. Vet. Sci., 29, 71-78. 

21) Stahl, W., Matsubayashi, H. & Akao, S. (1966) : Murine toxoplasmosis : Development of bizarre 
clusters of cysts. Jap. J. Parasit., 15, 44-47. 

22) Summers, W. A. (1953) : The chemotherapeutic efficacy of 2, 4-diamino—5-p-chloropheny-6- 
ethylpyrimidine (daraprim) in experimental toxoplasmosis. Am. J. Trop. Med. Hyg., 2, 1037-1044. 

23) Zypen, E., van der & Piekarski, G. (1967a) : Die Endodyogenie bei Toxoplasma gondii. Eine 
morphologische Analyse. Z. Parasitenk., 29, 15-35. 

24) Zypen, E., van der & Piekarski, G. (1967b) : Ultrastrukturelle Unterschiede zwischen der sog. 
Proliferationsform CRH-Stamm, BK-Stamm) und dem sog. Cysten-Stadium (DX-Stamm) von 
Toxoplasma gondii. Zbl. Bakt. (1. Orig.), 203, 495-517. 


Kae ec kA rev AFA. RH Hki Beverley ORERE Z RA 
Oe CSIR APRN ROPE Tee DD | 


SERS CAL bi CWA RY YF FAYO RH i kU Beverley Hil, THEN BEDILRHWBE L 
CO, MEBER e LOCH bh, RE AIR TERNI, RBIBERAL BOL, VYAR 
EXEL, COMBI YAM CHSA. COMMON, CHEROROBREEA< RHO 
BRE GEWSCECHS. FHONECBGRILKOMD CIS. 1. RH RME y AR TC, AED 
Vf yR yn S (sulfathiazole-N4) #5-2728A, PERK OOS UV AOA 
PRES OD, KERRIES Oo. LLIN 5 RAT YY RRV ET RoW CHANT pave 
39y) T, RNR mit D & RA RAS ADA 30H LORMMAEL, AIRY AO 
BEZAAID Ao. LALTOVAhRBOV Y ARETA L, 2 RET ABER EL, 
Ril RH RELTA LIXCE emote. ARRE C HL TERA TIL, DPLE YA KEZ 
DOIENPICBADER LOTTA CLD ANHEL TOA nE. 2. Beverley WEM 7 A 
WeFanh ChYT AVI BY) ERRI ATYRE, AERA BOA, BRS ABH 
FEVER UR le] CMR Liew 9 ACERT A. COL > IREE 5 TRHRREL, 6 (SED bMS 
TALE T, Beverley #2: RH ROL DICHRRICB ITT SHE SDAN. MRL 1 PME 
DATE THEME MIRE Ch, MELTA DOD. Le LO ORBLE LKERILS bd THEE 
T, MICAH S 5 DIC LIZ LIZG LO Beverley PAKOMMBAHEC Roi. 3. RRL b 
FRE LT, Rov VACLSMROMICCOMERT oV KELTER, WERE boxi 
SEAT LICE RMA, CORR PRR PEA OREO, CHICO Tig Ufc. 
Bun lg% 34, 113-1248, 1976429 F 


